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1
SUBSTRATE COMPONENTS FOR
PACKAGING IC CHIPS AND ELECTRONIC
DEVICE PACKAGES OF THE SAME

FIELD OF INVENTION

The present invention relates to electronic device pack-
aging, and more particularly, to substrate components for
packaging IC chips and electronic device packages contain-
ing the substrate component.

BACKGROUND OF THE INVENTION

Electronic device packages, particularly integrated circuit
(IC) packages for consumer and industry applications are
required to support the rapid growth of smart phones, tablets
and other portable electronic devices. Electronic device
packaging is arguably one of the most materials-intensive
applications today. Package substrates also referred as chip
carriers serve to protect the fragile IC chips and scale up the
electrical connections while providing mechanical stability
and rigidity. In some conventional applications, smaller
and/or more reliably packaged devices can be fabricated,
resulting in a larger number of units fabricated in parallel in
the batch process.

Requirements for coefficient of thermal expansion (CTE)
match between IC chip components and the chip carriers
lead to a new PCB technology, particularly on glass sub-
strates. As the proportion of dielectric materials used for
build-up layer on fine patterning package substrates
increases, the issue of coefficient of thermal expansion
(CTE) tends to rise and stiffness is likely to decrease due to
a thinner core layer. Accordingly, package warpage may
increase, and chip cracks and other packaging defects are
prone to occur.

Another issue is singulation. While glass substrates are
not machined as easily as polymer substrate, some may be
damaged during singulation. Particularly, singulation is per-
formed by mechanical sawing.

Insofar, there is a long-felt but unmet need to develop
CTE matched glass substrate component for packaging IC
chips such that production of electronic device packaging
can be performed easily and efficiently. The developed CTE
matched glass substrate may expand the capability of the
next generation packaging.

SUMMARY OF THE INVENTION

In view of the problems existing in the prior art, the
present invention provides glass based substrate components
for packaging IC chips so that production of electronic
device packaging can be performed easily and efficiently.
Sequential layer build-up (SBU) layers are formed on the
glass substrate to scale up the electrical connections while
providing mechanical stability and rigidity.

A substrate component for packaging IC chips comprises
a glass core base with at least one conductive through via
connecting a combination of metallization and dielectric
structures on both an upper surface and a lower surface of
the glass core base, and tapered edges created at a peripheral
region of the glass core base, wherein dielectric layers are
disposed over the tapered edges at the peripheral region of
the glass core base.

According to an embodiment of the present invention, a
substrate component for packaging IC chips comprises a
glass core base with at least one conductive through via
connecting a combination of metallization and dielectric
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structures on both an upper surface and a lower surface of
the glass core base, and tapered edges created at a peripheral
region of the glass core base, wherein dielectric layers are
disposed over the tapered edges at peripheral region of the
glass core base, wherein the dielectric layers have a sub-
stantial planar upper surface, a lower surface conformably
interfaced with the tapered edges at peripheral region of the
glass core base, and a steep cutting face with the tapered
edges of the glass core base.

According to another embodiment of the present inven-
tion, a substrate component for packaging with IC chips
comprises a glass core base with at least one conductive
through via connecting a combination of metallization and
dielectric structures on both an upper surface and a lower
surface of the glass core base, tapered edges created at
peripheral region of the glass core base, and an encapsulated
material sealing the tapered edges at peripheral region of the
glass core base, wherein dielectric layers are disposed over
the tapered edges at peripheral region of the glass core base.

Other aspects of the present invention, part of them will
be described in the following description, part of them will
be apparent from description, or can be known from the
execution of the present invention. For example, an elec-
tronic device package comprises a substrate component set
forth above, IC chips mounted on the substrate component;
and a carrier mother board for supporting the combination of
the IC chips and substrate component.

BRIEF DESCRIPTION OF THE PICTURES

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying pictures, wherein:

FIGS. 1A-1F are cross-sections of each stage of fabricat-
ing a substrate component for packaging IC chips according
to an embodiment of the present invention; and

FIGS. 2A-2E are cross-sections of each stage of fabricat-
ing a substrate component for packaging IC chips according
to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts. In
the drawings, the shape and thickness of an embodiment
may be exaggerated for clarity and convenience. This
description will be directed in particular to elements forming
part of, or cooperating more directly with, apparatus in
accordance with the present invention. It is to be understood
that elements not specifically shown or described may take
various forms well known to those skilled in the art. Further,
when a layer is referred to as being on another layer or “on”
a substrate, it may be directly on the other layer or on the
substrate, or intervening layers may also be presented.

An embodiment of the present invention discloses a glass
substrate component for packaging IC chips with reference
to FIGS. 1A-1F. It should be noted that the features illus-
trated in the drawings are not necessarily drawn to scale, and
like reference numerals represent the same or similar ele-
ments. The devices, elements, and methods in the following
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description are configured to illustrate the present invention,
and should not be construed in a limiting sense.

FIGS. 1A-1F illustrate cross-sections of each stage of
fabricating a substrate component for packaging IC chips
according to an embodiment of the present invention. Refer-
ring to FIG. 1A, a glass substrate 110, preferable a 20"x20"
inch square plate served as a core base of the package is
provided. Alternative substrates can be comprised of
ceramic, quartz, epoxy fiber-glass or polymer with fillers.
The glass substrate 110 includes electrical connections 115
such as through-glass via interconnects through the glass
substrate, connecting contact pads 132 and conductive traces
formed on one or more surfaces of the glass substrate. The
contact pads 132 configured to electrically connect the
electrical connections 115 are formed on both sides of the
glass substrate 110. The formation of through-glass inter-
connects and other metal components of a package in a
single plating process stage can reduce costs per package.
Through-glass via interconnects can be formed by machine
drilling, laser, plasma etching, or similar methods. The glass
substrate is preferably subdivided into an array of packaging
areas with predetermined kerf lines 112 spreading therebe-
tween.

Referring to FIG. 1B, dry films 1204, 12056 or photoresist
layers are formed on both sides of the glass substrate.
Subsequently, the dry films are patterned creating a grid of
openings which exposes the kerf line regions. Trenches or
recesses 125R are formed by etching and thinning the glass
substrate, as shown in FIG. 1C. The shape of trenches or
recesses 125R includes curved, stepped or wedged shapes.

Referring to FIG. 1D, sequential layer build-up (SBU)
layers 130 start as the double sided glass substrate 110, with
conductive and dielectric layers formed one after the other
(using multiple lamination passes), on both sides of the glass
substrate 110. Additional layers are laminated onto either
side. This technology allows blind vias 135 to be created
during the build-up process, and discrete or formed compo-
nents to be embedded. Build-up layers are characterized by
copper trace 132 dimensions such as width, thickness, and
spacing. It’s a common buildup structure that build up layer
at each side of core base. It can improve wiring density by
stacked via structure on buildup layer. Solder mask layers
140 with openings 145 exposing solder pads 142 are applied
on the sequential layer build-up (SBU) layers 130.

Metallization can include formation of any of conductive
routing 132, through-dielectric via interconnects 135 and
solder pads 142, on one or more surfaces on the glass
substrate. In some embodiments, a solder pad 142 includes
a solderable metallurgy. Examples of solderable metallur-
gies include nickel/gold (Ni/Au), nickel/palladium (Ni/Pd),
nickel/palladium/gold (Ni/Pd/Au), etc. In some embodi-
ments, a joining pad includes a solder paste or preform. For
example, a solder paste or preform can be printed on top of
a solder pad including a solderable metallurgy.

Referring to FIG. 1E, singulation is the act of separating
multiple devices manufactured on a substrate from each
other by creating a cut or break along the kerf lines to form
individual substrate component for packaging IC chips.
Singulation can be performed in many ways. Scribing/
breaking, followed by mechanically breaking or cleaving to
separate the die is accomplished by machining a cut or
trench in the surface of the substrate. This cut or trench can
be formed by mechanical sawing, chemical etching, laser
radiation or a combination. Another ways to singulate sub-
strates are performed by mechanical sawing, chemical etch-
ing or laser radiation or a combination, without mechanical
cleaving.
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According to one embodiment of the invention, a singu-
lated substrate component 110 for packaging IC chips com-
prises a glass core base 110 with at least one conductive
through via 115 connecting a combination of metallization
132, 135 and dielectric structures 131 on both an upper
surface and a lower surface of the glass core base. Tapered
edges 122 are created at a peripheral region of the glass core
base 110, wherein dielectric layers 131 are disposed over the
tapered edges at peripheral region of the glass core base,
wherein the dielectric layers have a substantial planar upper
surface, a lower surface conformably interfaced with the
tapered edges at peripheral region of the glass core base, and
a steep cutting face 155 with the tapered edges of the glass
core base.

Referring to FIG. 1F, the substrate component 100 with
glass substrate package structure also can include solder
pads 142 and solder balls 150 for mounting silicon chips
(silicon devices) on an exterior surface of the package
substrate. The solder pads 142 and solder balls 150 can be
electrically connected to a device such as IC chips 170
disposed overlying the glass substrate. IC chips are mounted
on the substrate component to create a chip package struc-
ture. In some embodiments, the chip package structure is
configured for direct mounting on a carrier mother board
180 such as a printed circuit board (PCB) for supporting the
combination of the IC chips and substrate component. The
chip package structure of the present invention can accom-
modate one or more dies with similar or different functions.
The external circuitry of the thin-film circuit layer electri-
cally connects the multiple dies together and can be used in
a multi-chip module (MCM) package. The chip package
structure of the present invention adapts the MCM, the
external circuitry of the thin-film circuit layer, the passive
devices of the external circuitry to form a package that is
“system in package”.

Another embodiment of the present invention discloses
substrate components for packaging IC chips with reference
to the FIGS. 2A-2E. Referring to FIG. 2A, a glass substrate
210, preferable a 20"x20" inch square plate served as a core
base is provided. Alternative substrates can be comprised of
ceramic, glass or glass-like material. The glass substrate 210
includes electrical connections 215 such as through-glass via
interconnects through the glass substrate, connecting contact
pads 232 and conductive traces formed on one or more
surfaces of the glass substrate. The contact pads 232 con-
figured to electrically connect the electrical connections 215
are formed on both sides of the glass substrate 210. The glass
substrate is preferably subdivided into an array of packaging
areas with predetermined kerf lines 212 spreading therebe-
tween.

Sequential layer build-up (SBU) layers 230 start as the
double sided glass substrate 210, with conductive and
dielectric layers formed one after the other (using multiple
lamination passes), on both sides of the board. This tech-
nology also allows connections 232 and vias 235 to be
created during the build-up process, and discrete or formed
components to be embedded. Build-up layers are character-
ized by copper trace dimensions such as width, thickness,
and spacing. It’s a common buildup structure that build up
layer at each side of core layer. It can improve wiring density
by stacked via structure on buildup layer. High density
interconnect technology has a higher wiring density per unit
area than a conventional PCB. Solder resist layers 240 with
openings 245 exposing solder pads 242 are applied on the
sequential layer build-up (SBU) layers 230.

Metallization can include formation of any of conductive
routing 232, through-dielectric via interconnects 235 and
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solder pads 242, on one or more surfaces on the glass
substrate. In some embodiments, a solder pad 242 includes
a solderable metallurgy. Examples of solderable metallur-
gies include nickel/gold (Ni/Au), nickel/palladium (Ni/Pd),
nickel/palladium/gold (Ni/Pd/Au), etc. In some embodi-
ments, a joining pad includes a solder paste or preform. For
example, a solder paste or preform can be printed on top of
a solder pad including a solderable metallurgy.

Referring to FIG. 2B, dry films or photoresist are formed
over both sides of the sequential layer build-up (SBU) layers
230 and the solder resist layers 240. The SBU layers 230 and
the solder resist layers 240 are sequentially patterned cre-
ating grid of openings 249 exposing the kerf line regions.
The openings 249 can be created by laser removal or
mechanical removal. Recesses or trenches 225R are further
formed by etching and thinning the glass substrate, as shown
in FIG. 2C. The shape of recesses or trenches 225R includes
curved, stepped or wedged shapes.

Referring to FIG. 2D, singulation is the act of separating
multiple devices manufactured on a substrate from each
other by creating a cut or break along the kerf lines to form
individual substrate component for packaging IC chips.
Singulation can be performed in many ways. For example,
scribing/breaking or separation is accomplished by
mechanical sawing, chemical etching or laser radiation or a
combination, without mechanical cleaving.

According to another embodiment of the invention, a
substrate component 200 for packaging with IC chips com-
prises a glass core base 210 with at least one conductive
through via 215 connecting a combination of metallization
232, 235 and dielectric structures 231 on both an upper
surface and a lower surface of the glass core base. Tapered
edges 222 of a protrusion 255 of the glass core base 210 are
created at peripheral region of the glass core base. An
encapsulated material 260 is applied sealing the tapered
edges 222 of the protrusion 255 at the peripheral region of
the glass core base.

Referring to FIG. 2E, the substrate component 200 with
glass substrate package structure also can include solder
pads 242 and solder balls 250 for surface mount device
(SMD) on an exterior surface of the package substrate. The
solder pads 242 and solder balls 250 can be electrically
connected to a device such as IC chips 270 disposed
overlying the glass substrate. IC chips are mounted on the
substrate component to create a chip package structure. In
some embodiments, the chip package structure is configured
for direct mounting on a carrier mother board 280 such as a
printed circuit board (PCB) for supporting the combination
of the IC chips and substrate component.

While the invention has been described by way of
examples and in terms of preferred embodiments, it would
be apparent to those skilled in the art to make various
equivalent replacements, amendments and modifications in
view of specification of the invention. Therefore, the scope
of the appended claims should be accorded the broadest
interpretation so as to encompass all such replacements,
amendments and modifications without departing from the
spirit and scope of the invention.

What is claimed is:

1. A substrate for packaging IC chips, the substrate
comprising:

a core base;

at least one conductive through via passing through the

core base;

a metallization structure embedded in dielectric layers,

wherein the metallization structure and the dielectric
layers are configured on a top surface of the core base;
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a plurality of bonding pads configured on a top surface of

the metallization structure; and

a tapered edge at an outermost periphery of the core base;

wherein

the core base is made of a material selected from the

group consisting of glass, ceramic, quartz, epoxy fiber-
glass, and polymer with fillers,

the tapered edge extends downwardly and outwardly from

the top surface of the core base to a side surface of the
core base,

the dielectric layers have side surfaces connected to the

tapered edge of the core base along the outermost
periphery of the core base, and

the side faces of the dielectric layers and the tapered edge

and the side face of the core base are free of conductive
material along the outermost periphery of the core base
in cross section.

2. The substrate as claimed in claim 1, wherein

a dielectric material of the dielectric layers is in direct

physical contact with the tapered edge of the core base,
and

each side of the dielectric layers which embed the met-

allization structure is flush with a corresponding side of
the core base.

3. The substrate as claimed in claim 2, wherein the tapered
edge has a shape, in section view, selected from the group
consisting of curved, stepped, and wedged shapes.

4. The substrate as claimed in claim 3, further comprising:

a chip configured on top of the plurality of bonding pads.

5. The substrate as claimed in claim 1, wherein the tapered
edge is protruded beyond the dielectric layers which embed
the metallization structure.

6. The substrate as claimed in claim 5, further comprising:

an encapsulated material covering and in direct physical

contact with the tapered edge.

7. The substrate as claimed in claim 6, wherein the tapered
edge has a shape, in section view, selected from the group
consisting of curved, stepped, and wedged shapes.

8. The substrate as claimed in claim 5, further comprising:

a chip configured on top of the plurality of bonding pads.

9. A process for fabricating a substrate for packaging IC
chips, the process comprising:

forming a first recess or trench in a first surface of a core

base along a kerf line;

forming a first metallization structure on the first surface

of the core base, wherein the first metallization struc-
ture is embedded in first dielectric layers;

forming a plurality of first bonding pads on the first

metallization structure; and

singulating the core base along the kerf line to obtain the

substrate which comprises:

the core base;

at least one conductive through via passing through the
core base;

the first metallization structure embedded in the first
dielectric layers, wherein the first metallization
structure and the first dielectric layers are configured
on a top surface of the core base;

the plurality of first bonding pads configured on a top
surface of the first metallization structure; and

a first tapered edge at an outermost periphery of the
core base, the first tapered edge corresponding to a
side wall of the first recess or trench,

wherein the core base is made of a material selected from

the group consisting of glass, ceramic, quartz, epoxy
fiber-glass, and polymer with fillers,
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the tapered edge extends downwardly and outwardly from
the top surface of the core base to a side surface of the
core base,
the dielectric layers have side surfaces connected to the
tapered edge of the core base along the outermost
periphery of the core base, and
the side faces of the dielectric layers and the tapered edge
and the side face of the core base are free of conductive
material along the outermost periphery of the core base
in cross section.
10. A process as claimed in claim 9, wherein
a dielectric material of the first dielectric layers is filled in
the first recess or trench, and is in direct physical
contact with the first tapered edge of the core base, and
said singulating includes cutting through the dielectric
material filled in the first recess or trench.
11. A process as claimed in claim 9, further comprising:
forming a second recess or trench on a second surface of
the core base along the kerf line;
forming a second metallization structure on the second
surface of the core base, wherein the second metalli-
zation structure is embedded in second dielectric lay-
ers; and
forming a plurality of second bonding pads on the second
metallization structure,
wherein
the first surface and the second surface are opposite
surfaces of the core base,
the second recess is aligned with the first recess along the
kerf line,
a dielectric material of the first dielectric layers is filled in
the first recess or trench,
a dielectric material of the second dielectric layers is filled
in the second recess or trench, and
said singulating includes cutting through the dielectric
material filled in the first recess or trench, and through
the dielectric material filled in the second recess or
trench to form
the first tapered edge at the outermost periphery of the
core base, the first tapered edge in direct physical
contact with the dielectric material of the first dielec-
tric layers, and
a second tapered edge at the outermost periphery of the
core base, the second tapered edge corresponding to
a side wall of the second recess or trench and in
direct physical contact with the dielectric material of
the second dielectric layers.
12. A process as claimed in claim 9, further comprising:
removing the first dielectric layers along the kerf line to
expose the first surface of the core base;
wherein said forming the first recess or trench comprises,
after said removing, forming the first recess or trench in
the exposed first surface of the core base along the kerf
line.
13. A process as claimed in claim 12, further comprising:
forming a second metallization structure on a second
surface of the core base, wherein the second metalli-
zation structure is embedded in second dielectric lay-
ers;
forming a plurality of second bonding pads on the second
metallization structure;
removing the second dielectric layers along the kerf line
to expose the second surface of the core base; and
forming a second recess or trench in the exposed second
surface of the core base along the kerf line,
wherein
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the first surface and the second surface are opposite
surfaces of the core base,

the second recess is aligned with the first recess along the
kerf line, and

said singulating includes cutting through a portion of the
core base exposed by the first recess or trench on one
side, and exposed by the second recess or trench on an
opposite side.

14. A substrate for packaging IC chips, the substrate

comprising:

a core base having a tapered edge at an outermost periph-
ery of the core base;

at least one conductive through via passing through the
core base;

a sequential layer build-up structure configured on a top
surface of the core base, wherein the sequential layer
build-up structure comprises:
dielectric layers, and
a metallization structure embedded in the dielectric

layers and electrically connected to the at least one
conductive through via; and

a plurality of bonding pads configured on a top surface of
the sequential layer build-up structure and electrically
connected to the metallization structure,

wherein

the tapered edge extends downwardly and outwardly from
the top surface of the core base to a side surface of the
core base,

a dielectric material of the dielectric layers is in direct
physical contact with the tapered edge of the core base,
and has a side surface flush with the side surface of the
core base, and

the side surface of said dielectric material and the side
surface of the core base are exposed to the atmosphere
along the outermost periphery of the core base.

15. The substrate as claimed in claim 14, wherein the
sequential layer build-up structure has a side surface flush
with the side surface of the core base.

16. The substrate as claimed in claim 14, wherein

the core base has a further taper edge at the outermost
periphery of the core base, said further taper edge
extending upwardly and outwardly from a bottom
surface of the core base to the side surface of the core
base, and

the taper edges of the core base are aligned with each
other.

17. The substrate as claimed in claim 14, wherein

the core base is made of a material selected from the
group consisting of glass, ceramic, quartz, epoxy fiber-
glass, and polymer with fillers, and

the tapered edge has a shape, in section view, selected
from the group consisting of curved, stepped, and
wedged shapes.

18. A substrate for packaging IC chips, the substrate

comprising:

a core base having a tapered edge;

at least one conductive through via passing through the
core base;

a sequential layer build-up structure configured on a top
surface of the core base, wherein the sequential layer
build-up structure comprises:
dielectric layers, and
a metallization structure embedded in the dielectric

layers and electrically connected to the at least one
conductive through via;
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a plurality of bonding pads configured on a top surface of
the sequential layer build-up structure and electrically
connected to the metallization structure; and

an encapsulated material covering and in direct contact
with the tapered edge, wherein the tapered edge extends
downwardly and outwardly from the top surface of the
core base to a side surface of the core base,

wherein

the tapered edge protrudes outwardly beyond a corre-
sponding side surface of the sequential layer build-up
structure, and

the encapsulated material covers and is in direct contact
with the side surface of the core base, and the corre-
sponding side surface of the sequential layer build-up
structure.

19. The substrate as claimed in claim 18, wherein

the core base is made of a material selected from the
group consisting of glass, ceramic, quartz, epoxy fiber-
glass, and polymer with fillers, and

the tapered edge has a shape, in section view, selected
from the group consisting of curved, stepped, and
wedged shapes.
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